Probing helical hydrophobic binding sites in branched starch polysaccharides using NMR spectroscopy.
Branched starch polysaccharides are capable of binding multiple hydrophobic guests, but their exploitation as multivalent hosts and in functional materials is limited by their structural complexity and diversity. Linear α(1-4)-linked glucose oligosaccharides are known to bind hydrophobic guests inside left-handed single helices in solution and the solid state. Here, we describe the development of an amphiphilic probe that binds to linear α(1-4)-linked glucose oligosaccharides and undergoes a conformational switch upon complexation, which gives rise to dramatic changes in the (1)H NMR spectrum of the probe. We use this probe to explore hydrophobic binding sites in the branched starch polysaccharides amylopectin and β-limit dextrin. Diffusion-ordered (DOSY), nuclear Overhauser effect (NOESY) and chemical shift perturbation (HSQC) NMR experiments are utilised to provide evidence that, in aqueous solution, branched polysaccharides bind hydrophobic guests in well-defined helical binding sites, similar to those reported for complexation by linear oligosaccharides. By examining the binding affinity of the probe to systematically enzymatically degraded polysaccharides, we deduce that the binding sites for hydrophobic guests can be located on internal as well as external branches and that proximal α(1-6)-linked branch points weaken but do not prevent complexation.